Different Age-Related Trends of Bone and Nonbone Forms of Alkaline Phosphatase in Chinese Men and
Women, Sandy Huey-Jen Hsu 1 and Keh-Sung Tsai 2 * ( 1 Graduate Inst. of Med. Technol. and 2 Dept. of Lab. Med., College of Med., Natl. Taiwan Univ.; *address for correspondence: Dept. of Lab. Med., Natl. Taiwan Univ. Hosp., 7 Chung-Shan South Rd., 100 Taipei, Taiwan, R.O.C.; fax 886-2-3224263) Bone alkaline phosphatase (b-ALP; EC 3.1.3.1) is a tetrameric glycoprotein found on the cell surface of osteoblasts. Previous studies have shown that both b-ALP [1] and total ALP [2] can be considered markers of bone formation. Because postmenopausal osteoporosis in women and senile osteoporosis in both sexes are global epidemiological problems, biochemical markers of bone turnover have become important clinical tests. Such markers are used to identify subjects with rapid bone turnover (and thus bone loss) [3] and to monitor the therapeutic efficacy of various drugs [4] . These two purposes mandate separate reference ranges for different sexes and age groups. To evaluate the age-related changes of these two markers in Chinese men and women, we measured both total ALP and b-ALP of healthy Chinese men (n ϭ 156, ages 20 -90 years) and women (n ϭ 385, ages 40 -70 years; 118 premenopausal and 267 postmenopausal), all of whom underwent a careful screening and showed no liver or bone disease.
Total serum ALP activity was analyzed with a Hitachi-7450 automated analyzer and diphenylcresol phosphate as the substrate (Hitachi, Tokyo, Japan). The procedure has a long-term (over 1 year) imprecision (CV) of 5%. b-ALP was measured with a commercial kit (Alkphase-B TM ; Metra Biosystems, Los Angeles, CA) that utilized a monoclonal anti-b-ALP antibody coated on a microtiter plate to capture b-ALP in the samples; the enzyme activity of the captured b-ALP was then detected by using p-nitrophenyl phosphate substrate [5] . The intra-and interassay CVs in our laboratory were 8% and 11%, respectively, for b-ALP at 25 U/L. We then adjusted the reading of total ALP (Hitachi ALP) to the reading obtained on the microtiter plate and with p-nitrophenyl phosphate substrate (plate ALP), according to a published method [6] ; in our laboratory, Hitachi ALP ϭ 2.93 plate ALP ϩ 12.57 (r ϭ 0.97, P Ͻ0.0001). We then derived the nonbone fraction of ALP by subtracting b-ALP from plate ALP activity. The results (Fig. 1) showed increased b-ALP activity in women and a borderline decrease of b-ALP in men (P ϭ 0.015) with aging. In contrast, the nonbone form (assumed to be largely the liver form) of ALP showed the same trends of increase in both men and women, but the slope of the regression line was slightly steeper for the men's results. The total ALP activity showed a borderline increase (P ϭ 0.088) in men and a significant (P ϭ 0.0001) increase in women with increasing age. The proposed age-specific reference intervals (central 95% percentiles) for men and women, premenopausal and postmenopausal, are given in Table 1 .
Our findings suggested that bone formation ratesas reflected by b-ALP, a specific bone formation marker-decreased rather than increased in elderly men. This is compatible with the findings of decreases in markers of bone formation in the histomorphometry of bone in older men [7] and with previous reports of decreased bone formation markers including b-ALP [8] and osteocalcin [7, 8] in elderly men. Our results were also compatible with a previous study of elderly or postmenopausal women, which showed increased turnover rate of bone in both histology markers [7] and biochemical bone markers [2, 3] .
The increase of b-ALP after menopause in women has been explained by removal of the inhibitory effects of estrogen on turnover rate [9] . At present, the relation between the decrease of b-ALP and testosterone concentrations in elderly men is controversial [10] . Other bone markers, including osteocalcin and carboxyl-terminal propeptide of type I procollagen, have been shown to correlate poorly with testosterone concentrations in elderly men [8, 10] , and increased nonbone ALP may in part represent subclinical liver diseases or a decreased clearance of ALP in elderly men and women.
In conclusion, because total ALP and b-ALP showed in men opposite trends of age-related changes, our results suggest that total ALP is not a good marker of bone turnover, especially for men. 
